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I INTRODUCTION 

One of the  object ives  of h P L )  i s  t o  coriduct exploratory s t u d i e s  h 
of Kars and Venus by means of unnmnea probes. The snock tube labor- 

a t o r y  has  been created i n  order  t o  solve some of t h e  technical  problems 

associated with the  planetary entry of these probes. The i m e d i a t e  

technica l  problems are concerned with the  design of t h e  entry capsule. 

The basic physical  problem i s  the  r a t e  of heat  t r a n s f e r  t o  t h e  

capsule a t  super -sa te l l i t e  v e l o c i t i e s .  The shock tube inves t iga t ions  

a r e  d i rec ted  towards t h e  study o f  th ree  modes o f  heat  t r a n s f e r .  

are convective heat t r a n s f e r ,  eqciiibrium radia t ion  heat  t r a n s f e r  and 

non-equilibriun rad ia t ion  heat  t ransfer .  

These 

1 

A proper approach t o  these  problems should r e s u l t  i n  an improved 

understanding of t h e  dynamics and propert ies  of high temperature gases 

as wel l  as providi-ng &engineering answers necessary i n  t h e  design of 
e 

a n  en t ry  capsule. I n  t h e  design and development of t h e  shock tube 

laboratoryiemphasis has been placed on t h e  attainment of immediate 

engineering answers. 

na t ion  obtained will n a t u r a l l y  lead t o  b e t t e r  understanding of the  

It i s  f e l t  however that t h e  experimental infor-  

physical  phenomena and t h a t  t h i s  i n  t u r n  W i l l  lead t o - o r i g i n a l  research 

and experimentation i n  the  f i e l d  of high temperature gas dynamics. 

1 

The d e s i r e  t o  have an excel lent  research laboratory,  as wel l  as 

t h e  d e s i r e  t o  rap id ly  obtain engineering datalhas motivated t h e  

s e l e c t i o n  of some of t h e  equipment and instrumentat ion. ,  

11. DESCRIPTION OF LABORATORY 

The shock tube laboratory consis ts  o f  th ree  shock 5 ~ S e . s .  These 

inc lude  : 



2. Conventional shock tube with a double diaphragm. 

3 .  Free-picton shock tube 

The 
/ * '  - 

,,,-*-? .is..: ' ' 
& y e l e c t r i c  shock tube i s  the  basic  research t o o l  

r A d i  i;c ., ; 
t h a t  i s  being used f o r  t h e  h e a t  zransr'er s tud ies .  

, .  
/ r  'I . A 

The srall conventional s t o c ~  ",';, ' - -..-,:-,. used t o  f u r t h e r  t h e  

ins t runenta t ion  of t h e  e l e c t r i c  chock k b e .  Tne snall shock tube 

h a s  beer, designed as a cua l l t y  rescarch t o o l  i n  addi t ion  t o  i t s  Ins t ru -  

mentation f u c t i o c .  The free-F$ston sb.ock tube will be used f o r  'saslc 

research i n  hiFh pressure ar,d hlgh tenperature  gases.  

A .  % ~ ~ x e l o c - i . L $  2 l e c t r i c  Shock Tube 
2 <. & e .,' Y ; c  * , .. ?- 'I 

, 

The e l e c t r i c  shock tLbe i s  c a p b l e  of s i n d a t i n g  f l i g h t  ve loc i ty  

Basical ly  the  e l e c t r i c  shock tu3e cons is t s  of / of over 42,000 f t / sec .  
. -1 k,- 

a h e l i u n d r i v e r  t h m g h  which i s  discharged t h e  erergy or' t h e  capac i tor  

bank. 

and i s  capable of expansion t o  joules .  This energy i m r e a s e s  

t h e  temperature and pressure behind t h e  diaphragm.ay4 '- '&r,  

T h e E  capac i tor  bank has an  energy s torage of  120,000 jou le s  
\" I 3  /$c 
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The e l e c t r i c  shock tube was chosen because of i t s  prgven capab i l i t y  r I #  - 1  , * J  

The design of t h e  shock t u j e  began during t h e  summer of 1962. 

* . A  .* - 
" L 

2. ' y;, & 
** ;d -Y< 

1- A, ~ .i \ 
( s e e  Ref. 1 and 2) i n  our area of  i n t e r e s t  and many of t h e  f e a t u r e s  

of t h e  AVCO e l e c t r i c  tube were incorporated i n  t h e  design. i ' 

r - ," The shock tube has a 6 i n .  i n s ide  diameter and i s  40 f t .  long. 

The d r i v e r  s ec t ion  i s  l 5 - i ~ $ w ~  long by 1 3/8 in .  i n s ide  diameter. 

There is a conical  t r a n s i t i o n  sect ion between t h e  d r i v e r  and t h e  

dr iven tuhzs.  Figure 1 sh0:i.s t?i coy-?u?% 

1 
\ 

-kock tube and i t s  supports.  



Figure 2 i s  a view of the C ; ~ ~ I P . ~ L ~ ;  Snr.k ar.t vz::wa~ system. 

Construction o f  t h e  shock t '-: arc cr" the  capaci tor  bank and 

e l e c t r i c a l  eqLs;ncr.t Segzr, ir: r".-y-xL, arc! Se?tenher of 1962. h r i n g  

t h i s  t i n e  the necessary ncdiflcat<ons to tr.3 building wnich would 

house t h e  research f a c i l i t y  were I n i t i a t e d .  Basic i n s t m e n t a t i o c  

f o r  t h e  determination of shock s p x i  ar.d k i t i a l  p x s s u r e  m s  ordered. 

The MCUUT system (see Fig,. 2) r..<th a s?cc ia l ly  designed coutour valve 

was ordered as wel l  as  t h e  cayacitors f o r  t h e  energy Lank. A d i s t i n c t  

e f f o r t  has Fade t o  coordinate these  a c t i v i t i e s  so  that experimentation 

could begin a t  t h e  e a r l i e s t  possible date.  

By t h e  middle of December i t  was possible t o  begin t e s t i n g  of t h e  

capac i tor  bank and associated instrumentation. The anperage and voltage 

c h a r a c t e r i s t i c s  of t h e  bank were determined. Short ly  af ter  t h i s  severa l  

s t a t i c  tests were t r i e d  with t h e  shock tube d r i v e r .  These tests indi-  

cated that some minor changes were necessary i n  t h e  l i n e r s  i n  order  t o  

e l iminate  grounding d i f f i c u l t i e s .  By January 20, 1963 s t a t i c  t e s t i n g  

of t h e  d r i v e r  had been accomplished. 

t h e  d r i v e r  and of t h e  capaci tors  and e l e c t r i c a l  cabling. 

This has a severe proof t e s t  of 

These t e s t s  

which gave a mximum current  of about 150,000 ampereswere successrul.  
+ 

A t  t h e  end of February t h e  driveh end of t h e  tube had been 

assembled and severa l  t e s t s  were conducted t o  c o r r e l a t e  diaphragm 

opening t i m e  with t h e  capaci tor  bank discharge c h a r a c t e r i s t i c s .  

These tests showed t h a t  t h e  energy discharge had been completed 

i 
,i 

A. 

before t h e  diaphragm opened. 

uniform gas sample exLsted behlr.6 t h e  65azkragm befo?- f h z  diaphragm 

opened. 

T h i s  would i n d i c a t e  that a more o r  l e s s  



Shock speed ins tm.er . ta t ion  consis t ing of photomultipliers were 

The i r i i t i a l  pressure neasurement dev'ice which attached t o  t h e  tube. 

had been concurrently designed and b u i l t  a t  JPL was also at tached.  

IcLrial convective hea t  tza-zfel-  xeescrezer.ts were s tarted ea r ly  

i n  Apri l ,  1963. 

over 30,000 fps.  

a f l i g h t  ve loc i ty  of about 42,000 f t / s e c .  

The rnxizm s!-,on'~ s ~ e e d  t o  da t e  bas been somewhat 

This f u l f i l l s  t5e e a r l i e r  design requirement of .>+- I 
W 

Thus, 9 months elapsed f r o m t h e  i n i t i a l  dssigr, phase t o  the  

i n i t i a l  experimentation phase. 

nentat ion development required before equilibrium rad ia t ion  GZ? ria- 

equ i l ib r i -m rad ia t ion  measurements can be Fade. However, convective 

hea t  t r a n s f e r  experiments will continue as t h i s  o the r  instrumentation 

i s  developed. 

shock pave by neans of an  i r age  converter camerd. 

t h e  required instrumentation techniques are being developed on t h e  

There i s  s t i l l  a good dea l  of i n s t ru -  

I n  t h e  near fu ture  photographs will be taken of t h e  
Pe 

Xeanwhile soze of 

small conventional shock tube. 

B. Conventional Shock Tube 

The shock tube has  a three-iqch in s ide  diameter, with t h e  cold 

$ d r i v e r  being 4 f t .  long and t h e  dr iven tube being 17 4- f t .  long. 

o r  hydrogen my be used as t h e  driven gas. 

tube  and some of i t s  instrumentation. 

t i o n  of t h i s  tube i n  October, 1962. 

H e l i m  
Y I 

Figure 3 shows t h e  shock 

It was decided t o  begin construc- 

The shock tube was e s s e n t i a l l y  

1 

completed by January 15, 1963. 

d e t e c t o r s .  

abso lu t e  7 x s s u r e  cguage. A var 

Thin f i l m  guages are used as shock 

I 
.bH;cfc 

A ! 
s L - : - - -  capable of about 5 x 10-4 Ex l ! ,  . ,' !. 

I n i t i a l  pressure i s  c e t e r r h e d  by a Wallace Tiernan 

,*' 

is  used with t h e  tube.  



The double diaphragm technique ( see  R e f .  3)  has proved q u i t e  

successful  f o r  obtaining reproduci j le  shock speeds. 

?he developrnent of t he  sputtered thin-f i lm guages w i l l  IC& 

m t u r a l l y  i z t o  rznufacture  of a t o t a l  r ad ia t ion  cavi ty  guage ( see  

Ref. 4 ) .  

equilibrium rad ia t ion  s tud ie s  i n  the  e l e c t r i c a l  tube. The spa11 shock 

tube has been used f o r  t e s t i n g  the photocel ls  used f o r  t h e  shock speed 

determination i n  t h e  e l e c t r i c a l  tube. Further  t e s t s  of t he  ir.or.o- 

This cavi ty  guage will be used i n  t h e  equilibrium and non- 

chromators t h a t  w i l l  be used i n  the rad ia t ion  s tud ie s  w i l l  be coriducted 

i n  t h e  small tube.  Several experinents have been s t a r t e d  on t h e  t rans-  

The free-pis ton shock tube cari be viewed as an a l t e r n a t e  mthod 

of obtaining a high tem2erature and a' high pressure behind t h e  diaphragm. 

Zssent ia i ly ,  a p i s ton  i s  dr iven down a cyl inder  by means of  gas preesure.  

The p i s ton  compresses and hea ts  the gas i n  f r o n t  of it. It should be 

pointed out  t h a t  t h e  free-piston d r i v e r  i s  a research t o o l  i n  i t z e l f .  

It can be used t o  inves t iga t e  the  high pressure and high temperature 

gas-produced by t h e  compression. 

as a shock tube. 

pressed i n  October, 1962. 

and construct ion should begin s h o r t l y .  

This i s  i n  addi t ion  -- t o  i t s  funct ion 

The need f o r  a free-pis ton shock tube was first ex- 

The f i n a l  design has now been completed 

Ths p i s ton  i s  12 in,& i n  
2 

diameter and has  a s t roke  of 1.5 f t .  Compression r a t i o s  of 150 a r e  

easily obtainable.  

achieved with srral ler  firal gas samples. 

i n i t i a l  gas sample shock ve loc i t i e s  of 30,000 f?s should be c x C 2 . ;  

obta inable .  

f ree-p is ton  shock tube than w i t h  t h e  e l e c t r i c a l  discharge ckoek tcbe.  

Considerably higher  compression r a t i o s  can be 

By m a n s  of preheating t h e  

It my be possible  t o  obtain clear,er opzration w2th t h e  



111. FUTURZ PLANS AND DZVELOF”TS 

The capab i l i t y  of mking equilibrium and non-equilibrium 

rad ia t ion  neasurexects with t h a  & x t r l c  shcck tr;5e xiX bc P c t h e r  

extended. 

t a r y  entry,  zore  basic  inves t iga t ions  will be i n i t i a t e d .  

i nves t iga t ions  will be d i r ec t ed  towards t h e  be t te r  understar.dir,g of  

t h e  high temperature gas dynanics of p lace ta ry  atmospheres. Easic 

t r anspor t  p roper t ies  such as e l e c t r i c a l  conductivity,  t h e m a l  con- 

d u c t i v i t y  and v i scos i ty  w i l l  be obtained. 

Af te r  obtaining t h e  engineering answers needed f o r  plane- 

These basic  

The smll shock tube w i l l  a l s o  be d i rec ted  t o  s tud ie s  i n  high 

temperature gas dynamics where basic  t ranspor t  p rope r t i e s  can be 

A t  t h e  present  experinents on t h e  therrial  conduct ivi ty  

Exmission s tudies  of high temperature 

obtained. 

of neon a r e  being s t a r t e d .  

gases,  ion iza t ion  rates and v ibra t ion  re laxa t ion  r a t e s  can a l s o  be 

s tudied  with t h e  small shock tube. Emiss ion  s tud ie s  of high temper- 

a ture  hydrogen seeded i n  a heavier gas rr;ight be a very f rui t ful  f i e l d  

of endeavor. 

The free-pis ton shock tube will be used f irst  t o  conduct bas ic  

s tud ie s  of high pressure and high temperature gases.  ,It ray l a t e r  

prove t o  be an  e f f i c i e n t  and clean method of producing shock speeds 

approx imt i cg  30,000 fps.  
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